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Five tiger nut (Cyperus esculentus L.) cultivars were collected from four different regions of
Ghana and irradiated. The aim of this study was to evaluate some physicochemical,
functional and sensory qualities of milk produced from irradiated tiger nut samples.
Analysis was carried out for pH, total solids, moisture, sugar brix and viscosity. Finally the
consumer acceptability of the milk prepared from the nuts was determined by a taste panel
using the parameters of colour, taste, aroma, mouth feel and overall acceptability. The
sugar content varied from 6.0 ± 0.3% (Techiman) to 15.00 ± 1.00% (Asebu Ekroful) depending
on the irradiation dose applied. Generally, increase in dose increased the sugar availability
but decreased viscosity of the milk prepared from the nuts. The milk with the highest
viscosity was from Kwahu Aduamoa and Techiman with the least viscosity from Bawjiase.
Generally, no significant difference was detected by the sensory panellists with regard to
mouth feel and taste among the milk samples prepared from the various tiger nut
cultivars.
Copyright © 2014, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved.1. Introduction
Tiger nut (Cyperus esculentus L.), also classified as a nut have
been recognized as one of the best nutritional crop that can be
used to augment the Ghanaian diet (Afenu, 2008). According to
Adejuyitan, Otunola, Akande, Bolarinwa, Oladokun, (2009),
consumption of tiger nut is healthy and aids in preventinglogy Centre, Biotechnolog
ana. Tel.: þ233 242602756
.com (A.A. Okyere).
gyptian Society of Radiat
iety of Radiation Sciencesheart attacks, thrombosis and activates blood circulation; it
also helps in preventing colon cancer and other cancers due to
its high content of soluble glucose. Tiger nut is therefore
cultivated for both human and livestock consumption. The
nuts can be eaten raw, baked or roasted or processed further
into drink. It can also be used as a flavouring agent for ice
creams and biscuits (Cantatejo, 1997) and can also be used as a
substitute for almonds in confectionery. Tiger nuts arey and Nuclear Agriculture Research Institute, Ghana Atomic En-
.
ion Sciences and Applications.
and Applications. Production and hosting by Elsevier B.V. All rights
Table 1 e Moisture content of milk prepared from unirradiated and irradiated tiger nut cultivars.
Dose (kGy) Moisture content (%)
Asebu Ekroful Bawjiase North Kwahu Aduamoa Techiman
0.0 78.52 ± 2.13bX 87.51 ± 0.19aV 89.66 ± 0.11aV 86.00 ± 0.04aW 87.23 ± 1.53bV
2.5 80.83 ± 1.60aX 82.27 ± 0.17bX 87.50 ± 0.50aV 87.04 ± 0.05aW 89.93 ± 2.1aV
5.0 76.02 ± 0.64cZ 84.19 ± 0.10bY 89.21 ± 0.09aV 85.16 ± 0.07aX 85.98 ± 2.22bW
10.0 78.90 ± 0.90aX 82.57 ± 0.05bW 89.64 ± 0.43aV 84.46 ± 0.34bW 54.91 ± 13.16cY
aec: Means in a columnwith different letters are significantly different (p < 0.05) from each other. (VeZ) Means in a rowwith different letters are
significantly different (p < 0.05) from each other Values are mean ± SD of three replicates (n ¼ 3).
J o u r n a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 5 8 3e5 8 8584excellent sources of minerals such as phosphorus, potassium,
vitamins E and C, starch, fat, sugars, protein (Belewu and
Belewu, 2007). According to Eyeson and Ankrah (1975), the
nuts contain 12e13% chufa oil which is used in cooking and
for the manufacture of body and hair creams.
Despite these benefits, tiger nut is currently an underutil-
ised crop in Ghana. It is locally consumed in its fresh state and
there is no significant commercial product from the nut
although it is highly exploited as cherishedmilk-like beverage
called “Atadwe milk” (Tetteh & Ofori, 1997). Twelve fungal
species, mostly toxigenic, including Aspergillus flavus, Asper-
gillus parasiticus and Aspergillus ochraceus were isolated in
stored tiger nuts by Adebajo (1993). The higher percentage of
loss can beminimised by the application of gamma irradiation
as a method of decontamination or disinfecting (to sterilise or
kill the insects) of the stored products (Urbain, 1986). Gamma
irradiation of tiger nut as a means of preservation could in-
fluence the functionality of resultant product. Although,
many researchers have worked on tiger nut (Eteshola &
Oraedu, 1996), information on milk prepared from irradiated
tiger nut is scanty. This work therefore sort to determine some
physicochemical, functional and sensory properties of milk
prepared from irradiated tiger nut cultivars in Ghana.2. Materials and methods
2.1. Materials
2.1.1. Sample collection and preparation
Five different cultivars of tiger nut samples from Kwahu
Aduamoa, Bawjiase, Asebu Ekroful, Techiman and Northern
part of Ghana were collected. The tiger nuts were sorted to
remove unwanted materials like stones, pebbles and other
foreign seeds. The tiger nuts were then washed with distilled
water and allowed to strain and dry. The samples were then
irradiated with 0.0, 2.5, 5.0 and 10.0 kGy of gamma irradiation
from a 60Co source of the Radiation Technology Centre at the
GhanaAtomic Energy Commission (GAEC). The dose rate in air
was 1.94 kGy/h and the dose distribution ratio was 3e50 kGy.
Absorbed doses were checked by Sunna dosimeter.
2.1.2. Preparation of tiger nut milk
Tiger nut milk was prepared from the irradiated and unirra-
diated tiger nuts according to a modified method of Sanful
(2009). The nuts were soaked overnight for approximately
12 h after which they werewashed thoroughly and blended by
adding 1250 ml of water. It was then filtered using muslincloth, applying pressure to the content to achieve maximum
liquid extraction. The filtrate was put into a clean non stick
saucepan and brought to the boil. It was allowed to simmer for
20 min to avoid curdling and then poured into sterilised jars
and allowed to cool.2.2. Methods
2.2.1. Physico-chemical properties
2.2.1.1. pH. The pH was determined with a standard Tolledo
Mettler pH meter.
2.2.1.2. Total solids. Total solids of the tiger nut milk were
calculated from percentage sugar brix correction factors out-
lined by Pearson (1976).
2.2.1.3. Moisture content. 5 g (Mo) of the milk was placed in
petri dishes and kept in the Gallenkamp oven at 130 C for 1 h.
The dried samples were then cooled in a dessicator and
weighed (M1). The average mass of the threemasses was used
to calculate the moisture content of the samples. The mois-
ture content expressed as a percentage was calculated as
follows:
Moisture content (%) ¼ MoM1/Mo100 (AOAC, 2000).
2.2.1.4. Percentage brix. The automatic temperature
compensated hand held refractometer was used for the
determination of the percentage sugar brix of the tiger nut
milk. The instrument was first calibrated with distilled water
after which the milk samples were analysed.
2.2.2. Functional property
2.2.2.1. Viscosity. The viscosity of tiger nut milk was
measured by Brookfield viscometer (DV-II þ pro, Brook-field
Engineering Laboratories, MA, USA) using spindle 3 at
100 rpm. Measurement was taken at room temperature
(30 C).
2.2.3. Sensory evaluation
A set of sensory taste panel evaluated the organoleptic prop-
erties (taste, mouth feel, aroma, colour and overall accept-
ability) of tiger nut milk using the conventional
internationally accepted ranking and multiple comparisons
tests. The ranking test was used to test preference of the
samples. Panellists were told to indicate their preference for
the samples ranking the most preferred sample as first and
the least preferred as fourth.
Table 2 e pH of milk prepared from unirradiated and irradiated tiger nut cultivars.
Dose (kGy) Asebu Ekroful Bawjiase North Kwahu Aduamoa Techiman
0.0 6.73 ± 0.08cV 6.86 ± 0.01aW 6.79 ± 0.58bV 6.21 ± 0.06dX 6.88 ± 0.04aW
2.5 6.67 ± 0.01cW 7.16 ± 0.04aV 6.43 ± 0.57dX 6.45 ± 0.08dV 6.73 ± 0.03bW
5.0 6.63 ± 0.01cX 6.75 ± 0.03aX 6.63 ± 1.00bW 6.32 ± 0.15dW 6.66 ± 0.02bX
10.0 6.61 ± 0.01cX 6.86 ± 0.03aW 6.79 ± 1.15bV 6.21 ± 0.20dX 6.88 ± 0.04aV
aed: Means in a column with different letters are significantly different (p < 0.05) from each other. (VeW) Means in a row with different letters
are significantly different (p < 0.05) from each other Values are mean ± SD of three replicates (n ¼ 3).
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 5 8 3e5 8 8 585Panellists used the multiple comparisons test to evaluate
the texture, aroma, taste and colour of the samples. A refer-
ence sample was given which was used to compare and state
the amount of difference between the other samples and the
reference.
2.3. Statistical analysis
Data are expressed as mean ± standard deviation. The sig-
nificant differences between the groupswere assessed by two-
way Analysis of Variance (ANOVA) test using GENSTAT 12th
edition and p < 0.05 was considered as significant difference.
Microsoft excel (2007) was used in plotting graphs.3. Results and discussions
3.1. Physicochemical properties
3.1.1. Moisture content of milk prepared from unirradiated
and irradiated tiger nut cultivars
Themoisture content of milk from gamma irradiated tiger nut
cultivars is presented in Table 1. Gamma irradiation
(0e10 kGy) did not significantly (p > 0.05) affect the moisture
content of the milk prepared from the tiger nuts from the
North; a dose of 2.5e10 kGy did not significantly influence the
moisture content of the Bawjiasemilk but were different from
the untreated one. Each tiger nut cultivar contained variable
moisture (54.91 ± 13.16 to 89.93 ± 2.1% moisture content) that
was distinct from each other. Moisture content of the Baw-
jiase milk varied from 82.27 ± 0.17% to 87.51 ± 0.19%; Asebu
Ekrofulmilk contained 78.52 ± 2.13% to 80.83 ± 1.60%moisture
content; the North tiger nut milk contained 87.50 ± 0.50 to
89.66 ± 0.11% moisture content as compared to 84.46 ± 0.34 to
87.04 ± 0.05% moisture content in the Kwahu Aduamoa milk.
In the case of Techiman, moisture content varied from
54.91 ± 13.16 to 89.93 ± 2.1% depending on the dose applied
(Table 1). Gamma irradiation up to 10 kGy did not significantlyTable 3 e Percentage brix of milk made from unirradiated and
Dose (kGy) Asebu Ekroful Bawjiase
0.0 10.67 ± 0.58dV 9.20 ± 0.35dW
2.5 12.67 ± 0.57cV 13.00 ± 0.03aV
5.0 15.00 ± 1.00aV 11.93 ± 0.12bW
10.0 13.33 ± 1.15bV 11.00 ± 0.03cW
aed: Means in a columnwith different letters are significantly different (p <
significantly different (p < 0.05) from each other Values are mean ± SD o(p > 0.05) affect the moisture content of the milk although
there was an initial variability of moisture content of the raw
product from which the milk was prepared. All sample treat-
ments reported by Ukwuru and Ogbodo (2011) had high
moisture contents between 77.0 and 80.7% which is compa-
rable to moisture content of milk obtained in this study. This
could affect the stability and safety of the milk with respect to
microbial growth and proliferation hence the products require
cold storage.
3.1.2. pH of milk prepared from unirradiated and irradiated
tiger nut cultivars
pH of the untreated nut milk from Techiman, North and
Asebu Ekroful were not significantly (p > 0.05) different. The
rest were significantly (p < 0.05) different (Table 2). The pH of
milk from irradiated tiger nut within the same samples were
generally not significantly (p > 0.05) different. The pH of the
samples was generally near neutral or slightly below (Table 2).
The pH of the treated and untreated tiger nut was not signif-
icantly different (p > 0.05) and was generally near neutral or
slightly acidic. The slightly acidic pH of tiger nut milk may be
an advantage because it may not encourage the growth of
pathogens that may cause gastrointestinal problems. These
results are similar to the results of Mosquera, Sims, Bates, and
O’Keefe (1996) who reported a pH of 6.72e6.86 for “Horchata
de chufas”. Tiger nutmilk pH is comparable to the pH ofmelon
seed milk (6.25), cowpea milk (6.79) and soymilk (6.6) reported
by Akubor (1998); Nnam (2003) and Onweluzo and Owo (2005)
respectively.
3.1.3. Percentage brix of milk prepared from unirradiated and
irradiated tiger nut cultivars
Sugar content varied from 6.0 ± 0.3% (Techiman) to
10.67 ± 0.58% (Asebu Ekroful) for the unirradiated. Generally
increasing dose increased the availability of sugar (Table 3).
Tiger nut is reported to be rich in sucrose (17.4e20.0%) by
Kordylas (1990) and contains saccharose at 17.4% (Busson,
1965). However, De Vries (1991) found 25.5% saccharose inirradiated tiger nut.
North Kwahu Aduamoa Techiman
7.03 ± 0.15bY 8.03 ± 0.06dX 6.00 ± 0.03dZ
7.63 ± 0.06aY 8.97 ± 0.06cX 7.00 ± 0.03cZ
7.03 ± 0.15bZ 10.07 ± 0.12bX 8.17 ± 0.29bY
6.20 ± 0.20cY 11.3 ± 0.52aW 9.93 ± 0.12aX
0.05) from each other. (VeZ)Means in a rowwith different letters are
f three replicates (n ¼ 3).
Table 4 e Total solids of milk prepared from unirradiated and irradiated tiger nut cultivars.
Dose (kGy) Asebu Ekroful Bawjiase North Kwahu Aduamoa Techiman
0 11.27 ± 0.58dV 9.80 ± 0.35dW 7.60 ± 0.15bY 8.63 ± 0.06dX 6.57 ± 0.03dZ.
2.5 13.27 ± O.57cV 13.61 ± 0.03aV 8.20 ± 0.06aX 9.57 ± 0.06cW 7.57 ± 0.04cY
5 15.61 ± 1.00aV 12.53 ± 0.12bW 7.60 ± 0.15bZ 10.67 ± 0.12bX 8.10 ± 0.29bY
10 13.94 ± 1.15bV 11.60 ± 0.03cW 6.77 ± 0.20cY 11.93 ± 0.52aW 10.53 ± 0.12aX
aed: Means in a columnwith different letters are significantly different (p < 0.05) from each other. (VeZ) Means in a rowwith different letters are
significantly different (p < 0.05) from each other Values are mean ± SD of three replicates (n ¼ 3).
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other elements in tiger nut will depend on the variety and on
the soil type used in the cultivation. The local tiger nuts are
cultivated in the upper Voltaian soil type (Kwahu South Dis-
trict), upper voltaian soil type (Techiman District), voltaian
soil type in the Northern Region (Ghana Districts Website,
2011) and Asuansi-Kumasi/Nta Ofin compound association
soil series (Central Region) (Ababio, Fening, Boateng, Allotey,&
Akuffo, 2010). Generally, increasing doses of irradiation
increased the availability of sugar in the milk prepared from
the tiger nuts (Table 3) and could be an added advantage of
irradiation.
3.1.4. Total solids of milk prepared from unirradiated and
irradiated tiger nut cultivars
The percentage total solids in the unirradiated tiger nuts milk
were significantly (p < 0.05) different for the cultivars from the
Central (Asebu Ekroful, Bawjiase), Eastern (Kwahu Aduamoa),
Northern and Brong Ahafo (Techiman) Regions (Table 4). This
varied from 6.57 ± 0.03% (Techiman) to 11.27 ± 0.58% (Asebu
Ekroful) for the unirradiated. Generally, irradiation 2.5e10 kGy
seemed to significantly (p < 0.05) influence the total solids
content of the tiger nutswithin column (the same sample) and
within rows (different samples) (Table 4). Total solids which
were an indication of the level of macro andmicronutrients in
the food varied considerably from one production site to
another. For example 6.57 ± 0.03% (Techiman) is almost dou-
ble (11.27 ± 0.58%) at Asebu Ekroful. These results are similar
to the results of Mosquera et al. (1996) who reported total
solids of 13.9e14.8% for “Horchata de chufas”. However, some
values were lower than the total solids content reported for
melon seed milk (13.0%) by Akubor (1998) and some higher
than the values reported for soymilk (7.16%), benniseed milk
(6.94%), melon seed milk (7.21%) and groundnut seed milk
(7.21%) by Nnam (2003).-100
0
100
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Fig. 1 e The effect of gamma irradiation on the viscosity of
tiger nut milk (at 30 C) prepared from unirradiated and
irradiated tiger nuts. Bars represent standard error.3.2. Functional property
3.2.1. Viscosity (centipoises cP) of milk prepared from
unirradiated and irradiated tiger nut cultivars
Each tiger nut cultivar behaved differently (Fig. 1). The milk
prepared from unirradiated tiger nuts produced the highest
viscosity. It was lowest in the Bawjiase tiger nuts and highest
in the Kwahu Aduamoa sample. Increasing radiation dose
(2.5e10 kGy) commensurately decrease the viscosity of the
milk samples derived from the tiger nuts.
Tiger nuts are very popular in Ghana because of the milk
derived from the nuts popularly known as “Atadwe” milk. It is
claimed to be of high nutritional value and an aphrodisiac(Tetteh & Ofori, 1997). The value of the preservation method
proposed in this work would be in obtaining better yield of
milk and quality of physicochemical properties of products
derived from the tiger nuts.
Viscosity was highest in Kwahu Aduamoa and Techiman
samples and lowest in Bawjiase tiger nut milk (Fig. 1).
Increasing irradiation dose from 0 to 10 kGy commensurately
decreased the viscosity of the milk. Sokhey and Hanna (1993)
reported that the reduction of viscosity in irradiated starch
(including tiger nut) was caused by the free radicals created by
gamma-irradiation (Raffi & Agnel, 1983). Increasing doses of
gamma-irradiation create increasing intensities of free radi-
cals in carbohydrates, which are responsible for molecular
changes such as the uncoiling of starch chains and fragmen-
tation by the breakdown of hydrogen bonds in the starch
molecules (MacArthur and D'Appolonia 1984). These changes
may affect the physical and rheological properties of starch
and decrease its viscosity.
The understanding of rheological behaviours of foods has
been recognised to be of importance in the following steps
during manufacturing: quality control of ingredients and
finished food products; design and evaluation of process and
unit operations equipment; characterisation and develop-
ment of food products for consumer acceptability; and eluci-
dation of the structure and the relationship among structure
and textural properties (Velez-Ruiz, 1996).
The consumer acceptability of several liquid and semi-
solid-type foods (example sauces, soups, beverages) depends
to a large extent on the viscosity or consistency index of the
product. Radiation processing leads to depolymerisation of
Table 5 e Mean scores of sensory parameters of tiger nut milk.
Cultivar Dose Colour Aroma Taste Mouthfeel Overall accepatability
Asebu Ekroful 0 4.00b 3.33b 4.33a 4.13a 0.57b
2.5 3.87b 4.93a 4.27a 5.27a 0.08a
5 4.20b 4.67a 3.60a 4.13a 0.05a
10 5.67a 5.47a 4.27a 4.27a 0.43a
Bawjiase 0 4.07b 4.00b 4.67a 4.33b 0.43b
2.5 4.07b 5.60a 4.00a 5.40a 0.25a
5 3.73b 5.20a 4.87a 5.93a 0.29a
10 5.53a 5.47a 4.53a 5.73a 0.20a
North 0 4.53b 5.97a 5.13a 4.73a 0.25b
2.5 2.40c 6.40a 4.93a 5.80a 0.29b
5 5.80a 4.13b 4.00a 4.80a 0.57a
10 4.53b 5.53a 4.33a 5.73a 0.06b
Kwahu Aduamoa 0 4.93a 5.27a 4.60b 5.07a 0.61a
2.5 4.87a 5.33a 5.73a 5.67a 0.02b
5 3.67b 5.33a 4.73b 5.27a 0.12b
10 4.40a 5.53a 5.60a 5.47a 0.33b
Techiman 0 5.40a 5.33a 5.20a 5.07a 0.12b
2.5 4.67a 5.33a 5.20a 5.60a 0.44a
5 5.33a 4.67a 5.00a 4.93a 0.43b
10 4.07b 4.67a 5.40a 5.20a 0.11a
Each result is the mean of 15 panellist response. Means followed by different superscript (aec) within each column are significantly different
(p < 0.05).
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1995). A viscosity study of malts indicated that radiation
processing reduced the viscosity of the porridge at 24 h of
germination (Mrinal, Bhakti, Anuradha, & Arun, 2009). It
seems to be radiation responsible for the degradation of the
macromolecules producing smaller polysaccharide units.
Urbain (1986) established that the most important change in
polysaccharides caused by irradiation is the depolymerisation
of basic units by the breakage of glycosidic bonds, being the
radiolytic products smaller polysaccharide units which give
softer gels.
Similar results for black pepper have been reported. De
Alwis and Grandison (1992) reported that irradiated black
pepper showed a marked reduction in viscosity, and higher
irradiation doses gave rise to higher reductions in apparent
viscosity. Hayashi, Todoriki, and Kohyama (1996) also re-
ported that the viscosity of pepper suspensions decreased
when increasing irradiation doses for all pepper samples.4. Sensory evaluation
Irradiation variably affected the selected criteria for accept-
ability. For example, tiger nut milk prepared from Bawjiase
cultivar (10 kGy) had a higher score for colour and was
significantly (p < 0.05) different from the rest. This translated
into the overall acceptability of the milk from irradiated nuts
than the untreated one. A similar trend was observed with
acceptability of Asebu Ekroful and Techiman tiger nut milk.
On the other hand, Kwahu Aduamoa untreated nuts milk was
generally better accepted than the irradiated ones. Significant
(p > 0.05) differences did not exist among certain sensory at-
tributes like taste, mouth feel among all samples from the
various tiger nut cultivars (Table 5). Analysis of varianceshowed that only doses had significant (p < 0.05) effect on
colour attributes of North and KwahuAduamoa tiger nutmilk.
Even though, Bawjiase samples had the least viscosity, its
10 kGy (56 cP) sample had a highest score for colour and was
significantly different (p < 0.05) from the rest (Table 5). This
translated into the overall acceptability of the irradiated
sample used in preparing milk. On the contrary, Kwahu
Aduamoa untreated tiger nut milk was generally more
acceptable than the irradiated ones. Despite the significant
differences in sensory quality in some tiger nut milk products
as earlier mentioned, all the product samples were generally
acceptable to the panellists.5. Conclusion
Gamma irradiation up to 10 kGy did not significantly affect the
moisture content of the milk although there was an initial
variability of moisture content of the raw product fromwhich
the milk was prepared. Generally increasing dose increased
the availability of sugar. Increasing radiation dose
(2.5e10 kGy) commensurately decrease the viscosity of the
milk samples derived from the tiger nuts. The high total solids
content of the milk produced attest to the usefulness of tiger
nut in augmenting food nutrient intake and use as an effective
means of poverty alleviation for rural dwellers. The sensory
attributes that were considered in the studies were not
significantly influenced by the radiation doses used.
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